A few decades ago, patients with colorectal cancer liver metastases were considered incurable, and treatment was mainly supportive. Treatment options for patients with metastatic colorectal cancer have changed greatly since then, as has the outcome of these patients. Although in the past survival of these patients was within the range of a few months, with no 5-year survivors, current studies report median survival rates of 20-25 months and 5-year survival rates of 30-60 %.
A few decades ago, patients with colorectal cancer liver metastases were considered incurable, and treatment was mainly supportive. Treatment options for patients with metastatic colorectal cancer have changed greatly since then, as has the outcome of these patients. Although in the past survival of these patients was within the range of a few months, with no 5-year survivors, current studies report median survival rates of 20-25 months and 5-year survival rates of 30-60 %. [1] [2] [3] [4] What has happened? Numerous studies have taught us that in selected patients, surgical resection of metastases prolongs survival. As hepatic resection has evolved to a safe procedure even in patients requiring extended, complex, and/or two-stage resection for complete tumor clearance, its use has increased and has added to the improved long-term outcome. However, only approximately 15 % to 20 % of patients are initially amenable to potentially curative resection; therefore, further factors must have played a role in the marked improvement in survival. The development and increased use of effective chemotherapeutic regimens has contributed significantly to the treatment results we are currently documenting for metastatic colorectal cancer. Several phase III trials proved that the addition of oxaliplatin or irinotecan to the backbone of 5-fluorouracil (5-FU) and folinic acid is able to achieve objective response rates of 40-50 %. [5] [6] [7] [8] The antitumor activity of these combined chemotherapy regimens has clearly improved median survival rates compared to historic data of patients who received 5-FU monotherapy, which was the standard of care in the late 1980s. Moreover, these improved regimens rendered the disease of a higher proportion of patients resectable. Resectability rates in firstline chemotherapy trials with palliative intent range from 5 to 15 % and go up to 30 % in patients with more limited yet still unresectable disease receiving chemotherapy for the intent of downstaging. 9 Furthermore, the addition of biological agents such as bevacizumab, a monoclonal antibody against the vascular endothelial growth factor (VEGF), and cetuximab or panitumumab, monoclonal antibodies against the epidermal growth factor receptor, seem to further enhance response and resectability rates. 10 Although the effectiveness of modern chemotherapy protocols in patients with metastatic colorectal cancer is undisputed, issues associated with these regimens, such as acquired resistance and increased toxicity, remain important future challenges for interdisciplinary management. In particular, liver toxicity related to the administration of irinotecan-and oxaliplatin-containing regimens represents a significant concern; their development may interfere with the planned treatment concept. It has been demonstrated that preoperative chemotherapy correlates with significantly higher perioperative complications. 11, 12 Furthermore, the development of histological alterations in the liver parenchyma may impede the antitumor effects of systemic therapies. 13 The pathological changes of the liver are specific to the administered agents. Irinotecan has been associated with chemotherapy-associated steatohepatitis. Oxaliplatin has been more frequently reported to cause hepatic injury, which typically manifests as sinusoidal obstruction syndrome (SOS) and occurs in up to 50 % of patients who receive an oxaliplatin-based regimen. SOS is considered to result from severe toxic injury to the sinusoidal endothelial cells. It is characterized histologically by sinusoidal dilatation and congestion, perisinusoidal hemorrhage and fibrosis, nodular regeneration, and loss of hepatocytes.
14 Fibrosis can also affect the centrilobar vein (veno-occlusive disease) and contributes to the congestion of the liver, which causes its typical blueish appearance and may result in portal hypertension. Despite the clinical relevance of SOS, to date, there is no validated biomarker to assess the development, presence, or severity of SOS. Such a biomarker is needed for (early) noninvasive diagnosis of SOS, which could prompt clinicians to adjust the chemotherapy regimen and the intended operative procedure.
In the present issue of Annals of Surgical Oncology, van den Broek et al. investigated hyaluronic acid (HA) as a marker of SOS in 40 colorectal cancer patients undergoing resection of liver metastases who received systemic chemotherapy protocols including oxaliplatin. 15 The authors report higher systemic HA levels in patients with moderate and severe SOS compared to those who developed mild and no SOS. Using equations and HA levels measured in the hepatic vein, hepatic artery, and portal vein, they calculated the fractional extraction of HA by the liver and the splanchnic area. The calculations of the hepatic and splanchnic fractional extraction of HA did not yield a significant difference, though the authors report nonsignificant trends toward a net hepatic uptake of HA in patients with mild or no SOS and a net release of HA in patients with moderate or severe SOS.
Why HA as a marker of SOS? As mentioned above, the initial step in the pathogenesis of SOS is currently believed to take place at the level of the sinusoidal endothelial cells. For this reason, it is reasonable and logical to evaluate parameters of endothelial function as early markers of SOS. The glycosaminoglycan HA is an important component of the extracellular matrix in various tissues. Its degradation occurs almost exclusively in the sinusoidal endothelial cells, which take up HA by receptor-mediated endocytosis. Because of its high turnover, clearance of HA is therefore considered to be a direct indicator of sinusoidal endothelial function. The available data on HA levels after ischemia-reperfusion injury and veno-occlusive disease in patients with bone marrow transplantation further support the notion of HA as a promising biomarker for the diagnosis and severity of SOS in patients with liver metastases receiving oxaliplatin-based chemotherapy. 16, 17 However, these studies did not include patients with a significant burden of solid tumors.
It is a puzzling yet interesting finding that systemic HA levels are increased in patients with moderate to severe SOS despite similar fractional extraction of HA in the liver and splanchnic area. In their discussion, the authors address several possible explanations for their results, such as the small sample size and the resulting lack of power; the placement of portosystemic shunts due to development of portal hypertension in patients with moderate or severe SOS; and enhanced production of HA at extrahepatic sites. However, one should note that HA is a major extracellular matrix component of various solid malignancies, including colorectal cancer, and its expression has been linked to disease progression. [18] [19] [20] The release of HA from the tumor therefore contributes to HA levels measured in the circulation. With respect to the present study, it is also important to note that 78 % of patients had synchronous metastases, and a liver-first approach was chosen in 22 %-that is, the primary tumor as a source of HA was still in situ and contributed to plasma HA concentrations. In case of patients with (low) rectal cancer, HA release by the primary tumor could not have been controlled for by sampling from the portal vein. To rule out the influence of HA expression and release by the primary and metastatic tumors on systemic HA levels and HA fractional extractions tumor-related factors such as tumor burden and location, HA expression in the tumor, presence of the primary tumor and the extent of response to therapy need to be considered. Even more importantly, blood sampling sites must be standardized: samples ought to be consistently collected from the hepatic vein of the tumor-bearing liver or the non-tumor-bearing liver.
It is still unclear how anti-VEGF therapy affects the development and severity of SOS. There is mounting evidence that the addition of bevacizumab to oxaliplatin-based chemotherapy may decrease the incidence of higher-grade sinusoidal injury. [21] [22] [23] A potential impact of bevacizumab treatment on oxaliplatin-induced SOS is backed by studies that demonstrate an involvement of angiogenesis pathways in this disease. 24, 25 Although the present study does not demonstrate a protective influence of bevacizumab on SOS development, it is of importance that 88 % of patients received oxaliplatin-based chemotherapy together with bevacizumab. It is thus difficult to evaluate how anti-VEGF therapy affected the HA levels measured in the present study. In order to make generalizable statements on the value of HA as a marker of SOS in patients with colorectal liver metastases, further data are needed on patients who received oxaliplatin-based chemotherapy without bevacizumab.
The results of this study are important because they support the hypothesis that systemic indicators of sinusoidal endothelial function may serve as markers of SOS in colorectal cancer patients receiving oxaliplatin-based chemotherapy. The study design includes measurements of HA in systemic circulation as well as its fractional extraction, which may allow conclusions to be drawn on the source and clearance of HA. However, in order to prove the specificity of measured HA levels for oxaliplatininduced injury of liver sinusoidal endothelial cells, further studies are required that take into account the tumor as a source of systemic HA. The management of patients with marginal resectable hepatic metastases of colorectal cancer remains complex and needs to be tailored to the individual patient by an experienced multidisciplinary team.
